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RANDOMISED CLINICAL TRIAL
Carotid Sinus Nerve Blockade During Carotid Surgery:
a Randomised Controlled Trial
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Objectives: we investigated whether carotid sinus nerve infiltration with lignocaine reduced blood pressure lability during
the first 24 h following carotid endarterectomy (CEA).
Design: prospective randomised double-blind controlled trial.
Materials: eighty patients undergoing CEA for significant symptomatic stenosis of the internal carotid artery.
Methods: after initial dissection, 5 ml of 1% lignocaine or normal saline placebo according to randomisation was infiltrated
around the carotid sinus nerve. Blood pressure was measured by intra-arterial cannula during surgery and for four hours
afterwards every 15 min, then manually, hourly for 18 h.
Results: patients having excision of the carotid sinus nerve were grouped separately for analysis: 29 patients had
lignocaine, 33 placebo and 17 excision (one early death with incomplete data was excluded). Mean systolic, diastolic and
pulse pressures did not differ significantly between the three groups before carotid sinus nerve infiltration. After infiltra-
tion, those patients who had carotid sinus nerve excision, had significantly higher systolic [mean (SD) 155 (16) mmHg]
and diastolic [75 (9) mmHg] pressures than those receiving LA [systolic 136 (15) mmHg, diastolic 65 (10) mmHg] or
placebo [systolic 136 (19) mmHg, diastolic 65 (9) mmHg], (p50.005 ANOVA). Nerve excision also resulted in wider
variability of blood pressure as defined by the mean of individual standard deviations (systolic 25 mmHg, diasto-
lic 13 mmHg) compared to LA (systolic 19 mmHg, diastolic 12 mmHg) or placebo (systolic 18 mmHg, diasto-
lic 10 mmHg) (p50.05 ANOVA). Normotensive patients had significantly lower mean diastolic pressures (p50.001
ANOVA) and variability (p50.05) if they received lignocaine although this did not influence pulse pressure.
Conclusions: lignocaine injection of the carotid sinus nerve has no benefit in those patients with existing treated
hypertension and only marginal effects in normotensives. It is more important to preserve the carotid sinus nerve if possible.
Key Words: Blood pressure; Local anaesthetic; Carotid sinus nerve.
Introduction
Blood pressure is frequently unstable following carotid
endarterectomy (CEA).1±5 This may result in neurologi-
cal deficits which are more common when control of
arterial pressure is poor.5 Hypertension is a problem in
up to 56% of patients,2 which may lead to wound haem-
atoma, hyperperfusion syndrome, stroke or myocardial
infarction. Hypertension post CEA is more common in
those patients with pre-existing hypertension, which is
also associated with increased neurological morbidity
and mortality.4 Maintaining a stable blood pressure
close to each patient's norm is therefore important.
Carotid sinus nerve activity is sensitive to small fluc-
tuations in blood pressure and has been correlated with
pulse pressure,6 carotid sinus diameter and wall disten-
sibility,7 all of which will be affected by CEA. Some
surgeons advocate nerve-sparing dissection or local
anaesthetic (LA) blockade of the carotid sinus nerve to
minimise fluctuations in blood pressure.8 The use of LA
has been supported by a randomised trial, but monitor-
ing was not continued into the postoperative phase
when hypotension may develop as the LA wears off.9
A prospective double-blind randomised controlled trial
was performed to investigate whether local anaesthetic
blockade reduced blood pressure lability during and in
the first 24 h following CEA.
Materials and Methods
The study and data collection were carried out at
South Manchester University Hospital following eth-
ical committee approval during 1999. The sample size
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calculation was based on the need to detect clinically
relevant differences between the treatment groups
with respect to the effects of local anaesthetic blockade
on blood pressure and pulse pressure. Groups of
40 were identified as being able to detect differences
of 0.667 standard deviations or greater with just over
80% power, differences of 0.750 standard deviations or
greater with just over 90% power and differences of
one standard deviation of greater with over 98%
power. Eighty patients undergoing CEA for symptom-
atic severe (470%) internal carotid stenosis were
recruited as they were admitted for routine surgery.
Informed consent in writing was obtained by the
research fellow (first author). Patients having redo
carotid surgery were excluded.
A randomisation schedule for `` local anaesthetic''
(LA) or `` placebo'' (normal saline) was generated by
computer and used to prepare phials of LA or placebo
which looked identical, by a pharmacist. These were
numbered sequentially. The phials were then used
sequentially in the operating theatre for consenting
patients. The surgical team, anaesthetist and nursing
staff collecting the blood pressure data were therefore
blind to the intervention received. The contents of
the phials was only known to the first author who
was not involved in the surgery or blood pressure
data collection.
Blood pressure was measured on three occasions at
30 min intervals with the patient at rest and reclining
at an angle of 45 on the day before surgery. A mean
value was calculated. Hypertensive patients took their
anti-hypertensive medication as usual on the morning
of surgery.
Surgery
CEA was performed by the same consultant surgeon
under general anaesthesia with intubation. Patients
were induced with etomidate and received fentanyl
for analgesia and atracurium for muscle relaxation, all
of which were calculated on a standardised dose-per-
kilogram weight basis.
After exposure of the carotid artery, 5 ml of 1% lig-
nocaine or normal saline (placebo) was infiltrated
around the carotid sinus nerve. It was the surgeon's
preference to perform endarterectomy with Dacron
patch angioplasty unless the internal carotid artery
was greater than 6 mm in diameter when primary
closure was used. Kinked and elongated proximal
internal carotid arteries were resected and reim-
planted. Those patients with severely diseased or
aneurysmal bifurcations underwent 6 mm Dacron
graft replacement. These latter two groups of patients
were subsequently analysed separately as the carotid
sinus nerve was inevitably excised with resection of
the proximal internal carotid artery.
Monitoring
Continuous ipsilateral cerebral monitoring was per-
formed with transcranial Doppler of middle cerebral
artery blood flow velocity and embolisation, and near
infra-red spectroscopy of regional cerebral oxygen
saturation recorded at five minute intervals during
surgery. An intraluminal shunt was inserted when
middle cerebral artery blood flow velocity fell by
480% and/or regional cerebral oxygen saturation
fell by 412%.
Blood pressure was recorded every 15 min using an
intra-arterial cannula and plotted on a chart on which
all operative events were also recorded. Systolic pres-
sure was maintained within 40 mmHg of preoperative
levels using the following drugs:
Methoxamine for hypotension if the heart rate was
normal;
Ephedrine for hypotension and bradycardia;
Atropine for bradycardia alone.
The arterial cannula was maintained for blood pres-
sure measurements via automated transducer every
15 min for four hours following surgery. The cannula
was then removed and recordings were made hourly
using a standard manual sphygnomanometer for 18 h.
All patients received infiltration of the entire neck
wound after skin closure with 20 ml of 0.25% marcaine
for postoperative pain relief. The dose and time of any
additional postoperative analgesia was recorded.
Outcome measures
Blood pressure measurements were analysed during
each of the following three periods:
(i) Intraoperatively ± from induction to reversal of
anaesthesia;
(ii) The first 6 h after carotid sinus nerve infiltration ±
to cover the `` wear-off'' period of LA between 30
and 340 min after administration. This period
was calculated after consultation with the chief
hospital pharmacist who consulted the product
literature. This period overlapped both the
intraoperative and postoperative periods;
(iii) Postoperatively ± from reversal of anaesthesia to
24 h postoperative.
For each patient the mean systolic, diastolic and pulse
pressure were calculated during each of the above
three periods. These data were combined for each
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treatment group by calculating the mean of the individ-
ualpatient means. Variabilityof pressurewas expressed
by calculating the mean of the individual patient
standard deviations. Results were therefore expressed
as mean (standard deviation) and variability of systolic,
diastolic and pulse pressure for each group of
patients during each of the three periods of time.
The data for the primary outcome measures
(systolic, diastolic and pulse pressure) were found to
follow approximate Normal distributions, so the
change over the study period in the two treatment
groups was compared using repeated measures
ANOVA methods. A single sub-group analysis was
carried out, stratifying for history of preoperative
hypertension. The adequacy of the analyses was con-
firmed by constructing Normal probability plots from
the model residuals. Statistical significance was set at
the 5% level throughout.
After study completion, a sub-analysis was per-
formed to see if any differences were related to the
presence of preoperative hypertension or not. Patients
with preoperative hypertension were those taking
daily anti-hypertensive medication. The arterial can-
nula was removed after 4 postoperative hours,
precluding the measurement of mean arterial pressure
during the entire study period.
Results
Complete data was obtained for 79 cases as one
patient randomised to LA died in the early postopera-
tive period from acute myocardial infarction with ven-
tricular fibrillation (Fig . 1). There were 47 men and 32
women, the median age was 69 years (range 53±93)
and 50 patients (63.3%) had a history of preoperative
hypertension. The duration of general anaesthesia was
median of 110 min (IQR 100±135). CEA with Dacron
patch angioplasty was performed in 47 (59%) cases,
with primary closure in 15 (19%) cases, and 17 (22%)
undergoing either reimplantation or graft replacement.
The 79 patients were randomised to 39 LA and 40
placebo. Of these 10 from the LA group and seven
from the placebo group underwent internal carotid
origin and sinus nerve excision leaving 29 patients in
the LA group and 33 in the placebo group. These 17
patients who had the carotid sinus nerve excised,
violated the protocol and were therefore analysed as
a separate group.
Five patients developed wound haematomas, four
following LA requiring re-exploration, and one follow-
ing placebo which was treated conservatively. There
were no significant differences in mean systolic, diastol-
ic or pulse pressures between the three groups before
carotid sinus nerve infiltration. After infiltration, those
patients who subsequently had nerve excision had sig-
nificantly higher systolic [mean (SD) 155 (16) mmHg]
and diastolic [75 (9) mmHg] pressures than those
receiving LA [systolic 136 (15) mmHg, diastolic 65
(10) mmHg] or placebo [systolic 136 (19) mmHg, dia-
stolic 65 (9) mmHg], (p50.005 ANOVA, Table 1).
Nerve excision also resulted in wider variability of
blood pressure as defined by the mean of individual
standard deviations (systolic 25 mmHg, diasto-
lic 13 mmHg) compared to LA (systolic 19 mmHg,
diastolic 12 mmHg) or placebo (systolic 18 mmHg,
diastolic 10 mmHg) (p50.05 ANOVA).
According to the criteria stated in the methods,
methoxamine was administered 35 times in 15 patients
in the LA group, 24 times in 13 patients in the placebo
group and nine times in 13 patients in the excision
group. Ephedrine was administered 29 times in 15
patients in the LA group, 25 times in 14 patients in
the placebo group and 16 times in nine patients in the
excision group. Atropine was administered six times
in five patients in the LA group, 21 times in nine
patients in the placebo group and five times in three
patients in the excision group. There were no signifi-
cant differences between the groups (Kruskal±Wallis).
When stratified for preoperative hypertension, the pat-
tern was the same; excision of the sinus nerve was
associated with higher systolic and diastolic pressures
(p50.005 ANOVA) and more variability (p50.05
ANOVA) than patients in whom the carotid sinus
nerve was left intact, whether injected with LA or not.
In those patients without pre-existing hypertension,
LA injection was associated with significantly lower
mean diastolic pressures for 24 h after carotid sinus
nerve injection (p50.001 ANOVA, Table 2). Variability
of blood pressure was also significantly reduced in
these patients between 6 and 24 h post injection
(p50.05 ANOVA). Pulse pressure was not signifi-
cantly affected.
N=80
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40
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40
Nerve 
excised 
10
Nerve 
excised 
7 
Placebo
33
1 early death 
before data 
complete
LA
29 Nerve excised 17
Fig. 1 Flow chart of patients through study.
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Discussion
Fluctuations in blood pressure and cardiac rhythm
during and after CEA are common and thought in
part to be the consequence of carotid sinus nerve
manipulation. To this end, surgeons have advocated
the use of LA to block the carotid sinus nerve. How-
ever, there are concerns that hypotension occurs at
three or four hours after CEA when LA wears off and
supervision of the patient is suboptimal.8 There have
been several studies of blood pressure changes follow-
ing CEA but few randomised trials on LA injection of
the carotid sinus nerve; none measured blood pressure
well into the postoperative period, in particular the
period when LA could be expected to be wearing off.
The aim of this prospective double-blind placebo-con-
trolled trial was therefore to address this issue.
The number of patients receiving LA or placebo
fell below the sample size required according to the
power calculation because a significant number (higher
than is usual in this surgeon's practice) had the carotid
sinus nerve excised thus violating the protocol. How-
ever, some interesting observations can still be made.
The excision group behaved differently to the two
treatment groups with significantly higher mean sys-
tolic and diastolic pressures and wider variability
postoperatively. This is an expected response to inter-
ruption of the reflex arc as neural activity of the sinus
Table 1. Mean (standard deviation) blood pressure during and after carotid endarterectomy n 79
Blood pressure (mmHg) Placebo
n 33
Local Anaesthetic
n 29
Excision of carotid
sinus nerve n 17
Intraoperative:
Mean of individual patient means (SD):
Systolic pressure 133 (18) 138 (16) 138 (16)
Diastolic pressure 69 (10) 71 (12) 71 (10)
Variability (mean of individual standard deviations):
Systolic pressure 17 17 19
Diastolic pressure 9 8 10
6 Hours post-infiltration:
Mean of individual patient means (SD)
Systolic pressure 136 (19) 136 (15) 155 (16)
Diastolic pressure 65 (9) 65 (10) 75 (9)
Variability (mean of individual standard deviations):
Systolic pressure 18 19 25
Diastolic pressure 10 12 13
24 Hours post-infiltration:
Mean of individual patient means (SD)
Systolic pressure 135 (20) 129 (18) 157 (18)
Diastolic pressure 65 (9) 62 (10) 77 (8)
Variability (mean of individual standard deviations):
Systolic pressure 16 18 27
Diastolic pressure 10 10 13
Statistical significance: p5 0.05, p50.001 ANOVA. SD standard deviation.
Table 2. Mean (standard deviation) blood pressure after carotid sinus nerve infiltration/excision in preoperatively normotensive patients
Blood pressure (mmHg) Placebo
n 11
Local Anaesthetic
n 9
Excision of carotid
sinus nerve n 9
6 Hours post-infiltration:
Mean of individual patient means (SD):
Systolic pressure
Diastolic pressure 70 (11) 62 (8) 76 (8)
Variability (mean of individual standard deviations):
Systolic pressure
Diastolic pressure 10 12 13
24 Hours post-infiltration:
Mean of individual patient means (SD):
Systolic pressure
Diastolic pressure 68 (10) 57 (7) 77 (7)
Variability (mean of individual standard deviations):
Systolic pressure
Diastolic pressure 10 9 13
Statistical significance: p5 0.05, p5 0.001 ANOVA. SD standard deviation.
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nerve correlates inversely with blood pressure.7 Exci-
sion of the carotid sinus nerve is therefore not useful
and it should be preserved if possible.
The only prospective randomised trial to demon-
strate an improvement in blood pressure variability
with LA sinus nerve infiltration was in 34 patients
where monitoring was discontinued at the end of
surgery.9 In our study there was no difference in
blood pressure or variability during or after surgery
between those patients receiving LA or placebo. Two
other non-randomised studies reported similar
results.2,4
The concern that hypotension may occur when the
LA wears off was not found to be justified by our data.
Cafferata et al. studied the effects of nerve-sparing
dissection and LA infiltration of the sinus nerve in a
non-randomised trial of 90 carotid procedures and
measured blood pressure for 36 h following surgery.8
They found half the patients suffered transient, benign
hypotension in the recovery room 90±120 min after
surgery suggesting that the LA was wearing off. The
hypotension was controlled by infusing xylocaine
down a catheter left in situ during surgery, but the
effect only lasted 45±90 min. Angell-James et al. also
found LA instillation down a catheter left in place
after CEA controlled episodes of hypotension
although this was only maintained for 45 min.7 LA
sinus blockade appears to only delay postoperative
hypotension. An increased frequency of hypertension
in those receiving bupivicaine LA has been reported in
a randomised trial of 135 carotid procedures.10 LA was
administered after endarterectomy had been com-
pleted so that it would last as long as possible into
the postoperative period. There was no difference in
the frequency of hypotension but nerve-sparing dis-
section was not routine so hypertension could be
expected where the nerve was sacrificed. One other
randomised study in 100 patients also demonstrated
significantly more intraoperative hypertension based
only on two measurements of blood pressure at 5 and
30 min after injection.11
The initial randomisation did not stratify for the
presence or not of preoperative treated hypertension
which may have been a source of bias in this study.
However, there were no significant differences in
preoperative blood pressure between those with pre-
existing hypertension and those without, indicating
that the former were well-controlled. The sub-analysis
performed after stratification was on small numbers
but demonstrated a difference which is worthy of
mention. Although LA did not influence blood pres-
sure in those with preoperative hypertension, presum-
ably because the carotid sinus reflex was overridden
by anti-hypertensive drug therapy, there was a
significant reduction in mean diastolic pressure and
variability following LA injection in those who were
normotensive preoperatively and this was sustained
for the first 24 h post surgery. It is difficult to judge the
clinical importance of this finding as there was no
significant effect on pulse pressure. Also, we did not
record pulse rate so cannot comment on any impact
on cardiac outcome ± a major concern following
carotid intervention as highlighted by the only death
in this study.
Fluctuations in blood pressure are common follow-
ing CEA and patients should be closely monitored for
at least eight hours. Although LA blockade of the
carotid sinus nerve does not appear to be detrimental,
the influence on fluctuations in blood pressure during
CEA was small, and it wasn't possible for us to show
any beneficial effects in our study. It would appear to
be more important to preserve the carotid sinus nerve
if possible.
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